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Overview

o \What do we know now?
= \Vhat is still missing?

o \What is the Electron-lon Collider? 5 /

= How will it provide the answers? }

o A couple of highlights from a huge programme

Thomas Burton
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Parton distributions
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=\\hat is the 3D structure?
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Nucleon spin

HOES

30% small? ?

» Gluons?
» Sea quark flavours?
= Need data at small x

» Orbital momentum?

Thomas Burton
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* The answer to
these questions:

sean @ NEW facility
dump

5 GeV \
3rd detector

Key features:

e B Polarised p, 3He Electron-
) Variable \'s 30-200 GeV > lon
o Collider
p High luminosity 1034 cm2s-’ ’
e P Kinematic coverage » eRHIC @ BNL
» Adds electron
beam to RHIC

"""" e 2020+
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Gluon spin

DIS + RHIC pp data
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EIC simulated data
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3D imaging

Access transverse spatial
distribution of partons...

... via generalised parton
distrubution functions (GPDs)...

..measurable in deeply virtual
Compton scattering (DVCS)

Thomas Burton
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DVCS cross section

EIC simulated data
ZEUS 20 X 250 - GPDs conv.
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Wide kinematic coverage, great precision
= \/ery precise measurement of GPDs

Thomas Burton 8
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Summary

o EIC combines unprecedented
» luminosity
» kinematic span

* Delivers huge programme of e + p physics
» This talk briefly scratches the surface

o See talk by Matt Lamont for e + A perspective
(instrumentation I}

Thomas Burton
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Additional

Thomas Burton
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ELIC @ JLab

lon

Thomas Burton

Sources

medium energy IP SRF Linac

@

Low-to-

medium
colliderring
Further
low energy IP upgrade to
higher energies
envisaged

injector

12 GeV CEBAF
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Comparison

Thomas Burton

eRHIC ELIC
E clecron 5 (30) 3 to 11 (20)
Eproton 50 to 325 20 to 100 (250)
\Sep 31 to 81 (197) 15 to 66 (141)
Eion —130/u 12 to 40/u (100/u)
Vsen | —51/u (125/u) 12 to 42/u (89/u)
A ptoU p to Pb

* electron pbla_rrgation ~80% |
* proton polarisation ~ 70%

* L~10%-10% cm?2

— —

(future upgrades)

___Shared features/

requirements


mailto:tpb@bnl.gov?subject=email%20subject
mailto:tpb@bnl.gov?subject=email%20subject

DIS kinematics
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“Momentum fraction”
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Q2 vs. X

/ 4 Z L L L L L SLSLL L LS o ]

L ]

\“\ AAT AT T I I 777777 77 7 .

NN AL 7777 77 777 7 -

N NA LT T 7 7 7 7 7 7 7 7 7 7 -

NN AL 0447777727777 7

ISP L AT AV &LV A A -

o Ao a7 77775

\“\\\\\\“\\\\ VA AV, AV T A Ak

/ \“\ \““\\“\ U g7 i ardy s s

NIy s s n e s e,

IS arsats e s

/ NN MNA AL
\\x\ \“\ \““\ \“\ \“\ g \\ 27 | ‘I_AO
Wi §pesoay 7 > = [
\\\\\“\\\\\\“\\\\ y a7Vt 777777 =
(I AP
NN NV T AT RE 7777777777 =
K- s, -
\\\“\\\\\\ 99 ’ YT TIIIA S,
{\“\\““\ “\\“ a4y 7777722727287 -
(s ek
(99 / y
NN 00, i 2
/1 \“\ 1/ 5 iy arari drarara o
M"Y 9% P SAV. ATV A !
4% % G O4V.O 47V TV VA )
/ / \“\ \\ \““ iy 4V 84 —
Y v v AT A y, %
\\\\ \\\\\\\\ iy %727 %
ik .
/
1 - \l“m\g\\“\‘ “ “ ‘\“ > &
1Ry , um .
A AV V. 4 g
4 \\ \ \ \\ 7 A B
\\ \\ \ \ \ 7
\\\ / // \\\ A
C\ L/ “ \\\ /| \m e
/ Y ¢ A O
/ 1 1% /] \N‘ —_
99915 %P
\\\ \\\ \“
Vs
ye9%0s
— > (e

...,ﬂ..A} ook V V e / R\

. £ QO D (O) 7

3t O O

F OF T pony 4 q ©

Y, : o (o 0] q —

BNG BT -

LEEER -

B - / )

1 o W -

{ O} %

_ 1 1 | _ TR _ L1 _ o
on Q) ()  —
- ) —

— —
(DIAPD) O

0.005

| 4

— HERA has reconstructed down to y
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Q’ vs. Bjorken x, 4 fb at 20 x 250 GeV
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» Inclusive measurements rapidly systematics-dominated

» Statistics-hungry measurements can be made

Thomas Burton 16
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o Contributes significantly only at large vy

o Use variable s at fixed x, Q? Q? = sxy

I —

» O slope vs. y4/Y+ = F|
» EIC strength
» .g. eRHIC s = 30-200 GeV

Thomas Burton 8
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FL
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* Measured at HERA, but precision limited
H1 Collaboration
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Pseudodata study
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Semi-inclusive DIS

* Detect hadron in
coincidence with
electron

22
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Sea quarks

o Distributions uncertain

* esp. strange sea
unpolarised &
polarised.

oot | XAs A

002

 Flavour separation
» SIDIS

002

» Variety of hadrons
o, K KL

004

Thomas Bui 23
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First study

e Can we use MC to simulate psuedodata?

e PYTHIA vs. NLO calculatio
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= Good agreement
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PID coverage: T*
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5 m solenoid

JLab

Hadron Calonmeter

Muon Detector

26
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» Generalised parton

distributions (GPDs)

» fransverse spatial
distribution
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e e ® Transverse-momentum-
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W = dependent distribution
S 0.0+ £

: functions (TMDs)
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» '* | )
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oak ~ % .. ) transverse momentum

04 02 00 02 04

Px (GeV) distribution
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Sivers distribution
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Sensitivity to sea g Capt
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 Current SIDIS data: low pr

e EIC: wide pt range

=ecxplore TMD, collinear regime & overlap

Thomas Burton 30
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Arbitrary units
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GPDs

 H(x, &1), E(x, &), H(x, £1), E(x &b Unpolarisec

Polarised

» Access via hard exclusive processes

* Relate form factors & PDFs
[ armeen = Fof  H(,0,0) = g
o Allow:
» Spatial imaging: impact parameter, b
» Access total angular momentum, |

1
J: = —(fl xdx(Hq - Eq))
q 2 -1

32

t—0
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GPDs

» e.9. deeply virtual Compton scattering:

|deally detect:
scattered electron
real photon
scattered proton

Thomas Burton
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MILOU Monte Carlo generator:y
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PID coverage: K*
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DIS Kinematics

X,/
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DIS Kinematics
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DIS Kinematic
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DIS Kinematics
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DIS Kinematic
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Three quarks
held together by
gluons

Gluon splits into
“Sea quarksu

Quarks split into
gluons split
into quarks ...
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